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ABSTRACT 


The  Trelleborg  Medical .  Tent,  an  Inflatable  tent  of  interest  to 
the  Canadian  Forces,  has  been  investigated  to  assess  its  potential  in 
providing  both  a  medical  shelter  and  a  collective  protection  shelter. 
Pressurization  measurements  are  reported  and  a  general  purging  analysis  is 
included.  Thermal  and  structural  properties  are  reviewed.  Dynamic  (wind) 
loads  and  static  (snow)  loads  have  also  been  analysed. 


RESUME 


La  tente  medicale  gonflable  Trelleborg,  qui  presente  un  interet 
DOur  les  Forces  canadiennas,  a  ete  examinee  afin  de  determiner  la 
possibilite  de  I'utiliser  comme  abri  medical  et  comme  abri  de  protection 
collective.  Les  mesures  de  la  pression  interne,  ainsi  que  les  resultats 
d'une  analyse  de  I'air  evacue  sont  notes.  Les  proprietes  thermiques  et 
structurales  de  la  tente  sont  examinees,  et  on  analyse  aussi  des  charges 
dynamiques  (vent)  et  des  charges  statiques  (neige). 
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1.0  INTRODUCTION 


This  report  describes  an  evaluation  of  the  Trelleborg,  Inflatable 
Medical  Tent  (1)  which  is  being  considered  for  use  by  the  Canadian  Forces 
(CF),  both  as  a  mobile  medical  shelter  and  as  a  collective  protection 
shelter.  The  tent  is  a  semi -cylindrical  shelter,  made  of  a  polyvinyl 
chloride  (PVC)  coated  fabric,  supported  by  four  inflatable  ribs  (Figure  1). 
The  basic  concept  is  that  a  section  of  this  tent  be  equipped  wHh  an 
airlock  and  a  liquid-chemical  repelling  fly  so  that  it  could  be  used  as  a 
chemically  secure  shelter.  The  tent  may  be  erected  in  modular  form, 
including  as  many  sections  or  airlocks  as  required. 

This  study  notes  some  of  the  physical  properties  of  the  tent, 
advances  procedures  for  establishing  the  pressurization  capabilities  and 
the  heating  properties  of  tents,  makes  general  comments  on  the  tent  and 
investigates  some  aspects  of  the  tent's  incurred  loads.  A  discussion  of 
purging  of  the  tent  is  also  presented. 


2.0  GENERAL  OBSERVATIONS. 


2;l  PHYSICAL  PROPERTIES 


Some  of  the  important  physical  characteristics  of  the  Trelleborg 
Medical  Tent  are  listed  in  Table  1. 

The  PVC  coated  material  provides  a  durable  covering  which  is 
easily  cleaned  with  soap  and  water,  kerosene  or  acetone.  The  general 
construction  of  the  tent  appears  sound,  based  on  observations  made  at  the 
OREO  Tent  Testing  Facility,  however,  extensive  field  trials  on  the  tent 
must  oe  held  before  any  definitive  conclusion  can  be  made  in  this  area. 


STOVE 


rg  Medical  Tent. 


TABLE 


Physical  Characteristics  of  the  Trelleborg  Medical 
Tent  and  Support  Equipment  (1) 


Medical  Te,nt 


Length 

Width'. 

Helgiit  (Maximum) 

Floor  Area 
Number  of  Doors 
Door  Height 
Door  Width 

Number  of  Rib  Spacers 
Packed  Weight  (With  Spacers) 
Packed  Volume  (Without  Spacers) 
Packed  Spacer  Volume 


7.25  m 
5.20  m 
2.60  m 
37.7  sq.m 
2 

2.15  ra 
1.88  m 
6 

227  kg 


1  cu.m 
0.024  cu.m 


Support  Equipment 


Air  Pressure  Fan 


Power 

Voltage 

Weight 

Packed  Volume 


700  W 
230  Vac 
20  kg 

0.055  cu.m 


Weight 

Volume 


Equipment/Repair  Kit 


180  kg 
0.5  cu.m 


4 


2.2  ERECTION  AND  STRIKING 


The  erection  and  striking  of  the  tent  Is  eas'^ly  accomplished, 
even  by  novices.  The  instruction  manual  is  short,  to  the  point  and  clear 
in  its  instructions.  With  this  manual  or  a  small  amount  of  instruction  the 
tent  may  be  quickly  erected  and  put  in  use.  Table  2  lists  some  typical 
erection  and  striking  times  as  performed  by  personnel  familiar  with  the 
tent. 


It  was  .found  that  three  to  five  men  were  adequate  for  the 
efficient  erection  of  the  tent.  As  the  tent  weighs  approximately  250  kg, 
it  would  be  most  convenient  if  the  tent  were  to  be  unloaded  from  the 
transport  vehicle  as  close  to  its  final  destination  as  possible.  With  some 
effort,  four  men  can,  carry  the  tent  several  metres. 

It  was  found  that  most  of  the  air  trapped  in  the  ribs  during  the 
striking  procedure  could  be  expelled  by  rolling  the  tent  along  its  length 
towards  the  open  air-valves.  When  the  tent  was  then  unrolled,  it  folded 
much  more  easily  and  more  compact  than  when  this  step  was  omitted.  Walking 
on  the  deflated  ribs  was  not  found  to  be  particularly  effective  for 
expelling  the  trapped  air,  and  this  practice  runs  the  risk  of  puncturing 
the  rib.  Zippering  the  doors  shut  prior  to  striking  the  tent  also  made 
packing  of  the  tent  somewhat  easier. 


2.3  INFLATABLE  RIBS 


The  electric  inflation  fan  used  to  inflate  the  supporting  ribs  of 
the  tent  operates  on  220  Vac  at  700  W.  It  delivers  15  1/s  maximum  and 
attains  a  maximum  pressure  of  18  kPa.  At  this  rate,  a  single  rib  requires 
approximately  one  and  one-half  minutes  to  inflate  fully.  It  may  be 
convenient  to  supply  an  inflation  fan  which  can  operate  with  other 
electrical  power  sources  such  as  48  Vdc  (vehicle  battery)  or  110  Vac.  A 
pressure  regulator  could  be  used  which,  when  used  with  air  compressors 
currently  available  on  some  CF  vehicles,  would,  supply  air  at  a  maximum 
pressure  of  18  kPa. 

There  was  air  loss  from,  the  ribs,  but  it  was  found  to  be 
relatively  slow.  When  the  tent  was  left  unattended  for  several  days,  the 
pressure  in  the  ribs  did  drop,  but,  it  remained  sufficiently  high  to 


TABLE  2 


Typical  Erection  and  Striking  Times  of  the  Trelleborg 
Medical  Tent  Under  Ideal  (Summer)  Conditions 
(Terms  in  brackets  refer  to  manual  inflation) 


Action  Tima 

_  (min) 

Erection  -  Four  Man  Crew  , 

Unpacking  4 

Inflation:  Electric  fan  6  (20) 

Inserting  Floor  1 

Stake  and  Guy  2 

Subtotal  13  (27) 

Connection/Erection  of  the  5 

Black-out  Section 

Total  Time  Required  18  (32) 


Erection  -  One  Man  Crew 


(Steps  as  above)  , 

Total  Time  Required  45 

Foot-pump  Inflation/Tube  5 

Striking  -  four  Man  Crew 

Removal  of  Floor  1 

Deflation  Time/Tube  3 

Removal  of  Trapped  Air  3 

Folding  -  Tent  and  Floor  ,  5 

Packing  -  Tent  and  Floor  3 

Packing  -  Poles  1 

,  Packing  -  Accessories  1 

Total  Time  Required  17 


Support  the  weight  of  the  tent-  Under  adverse  weather  conditions,  such  as 
heavy  winds  or  snow-fall,  it  is  recomitended  that  the  rib  pressure  be 
maintained  at  the  nominal  operating  pressure  of  18  kPa  to  ensure  optimum 
performance  of  the  tent.  To  maintain  this  condition,  the  ribs  may  require 
topping-up  to  operating  pressure  perhaps  as  often  as  every  three  days. 
This  time  will  depend  upon  the  condition  of  the  valve  seal  and  the 
integrity  of  che  inflatable  rib  inner-tube.  Changing  ambient  temperatures 
may  cause  some  fluctuation  in  the  rib  pressure,  although  it  is  not  expected 
to  be  an  important  factor.  A  faulty  valve  or  a  puncture  in  a  rib 
inner- tube  could  cause  the  rib  to  deflate  more  rapidly  than  was  observed 
while  the  tent  was  under  test  at  DREO. 

As  depicted  in  Figure  1,  the  inflated  ribs  are  held  apart  by 
aluminum  spacer  bars.  It  was  found  that,  when  a  rib  was  deflated,  the 
adjacent  spacer  bars  fell  out  of  place.  This  is  potentially  hazardous  to 
personnel  or  equipment  located  beneath  the  spacer  bars.  It  is  recommended 
that  a  safety  strap  arrangement  be  used  to  keep  the  spacer  bars  from 
falling  should  a  rib  deflate. 

Guy-ropes,  although  not  essential  for  the  erection  or  use  of  the 
tent,  may  be  important  in  some  situations.  It  was  found  that  if  one  of  the 
center  ribs  deflated,  the  end-guys  would  hold  the  tent  erect  and 
functional.  In  heavy  winds,  especially  for  an  empty  tent,  the  guys  may  be 
necessary  to  secure  the  tent  to  the  ground.  During  pressurization  tests, 
the  tent  inflated  and  the  ribs  were  lifted  off  of  the  ground  entirely.  In 
this  situation,  lateral  guys  may  be  necessary  to  keep  the  edges  of  the  tent 
on  the  ground.  A  securely  guyed  fly-sheet  may  also  be  of  use  in  keeping 
the  tent  on  the  ground-  . 

It  was  found  that,  even  after  limited  use,  the  plastic  fasteners 
used  to  connect  tent  sections  together  had  worn  significantly.  This  was 
primarly  due  to  friction  caused  when' the  rope  used  to  secure  the  fastener 
was  pulled  through  the  connector.  If  the  rope  fastener  is  to  be  used,  it 
may  be  necessary  to  use  metal  components.  Alternatively,  each  fastener 
could  be  supplied  with  its  own  key  which  would  replace  the  rope.  This  type 
of'  fastener  may  even  facilitate  assembly.  Fasteners  of  this  type  are 
currently  under  study  within  the  Directorate  of  Clothing  General 
Engineering  and  Maintenance  (DCGEM). 


3.0  ORESSURIZATIOU  TESTS 


A  Simple  procedure  was  used  for  establishing  the  pressurization 
capabilities  of'  tents  designated  for  use  wnile  subjected  to  an  internal 
over-pressure.  Pressurization  tests  were  performed  on  the  Trelleborg  tent 
using  an  electrically  powered  Hermanrlielson  Heater/Blower  to  supply  the 


air.  The  air  flow-rate  was  measured  using  an  orifice  plate  flowmeter  with 
D-1/2D  pressure  taps  and  an  inclined  manometer.  Flow  coefficients  for  the 
orifice  plate  flowmeter  were  calculated  according  to  standard  practices 
(2).  A  "flow  resistance"  was  calculated  for  the  tent  based  on  the 
following  relationship: 


R  =  P^/Q 


Cl] 


where,  R  is  the  flow  resistance  (Pa.s/m^) 

is  the  mean  te,nt  pressure  (gauge)  (Pa) 

Q  is  the  volume  flowrate  into  the  tent  (mVs) 

The  results  of  the  tests  are  summarized  in  Table  3.  In  Section  A 
of  Table  3,  the  tent  was  not  modified  in  any  way.  Vents  were  closed  by 
pulling  the  drawstrings  only.  Chimney  hole  covers  were  closed,  as  were  the 
door  zippers. 

In  Section  B  of  Table  3,  the  tent  was  modified  slightly.  For 
these  tests,  ail  vents  were  tied  off  and  sealed  using  tape.  Chimney  holes 
were  taped  shut  and  covered  with  plastic.  One  of  the  doors  into  the  tent 
was  sealed  as  well  as  could  be  achieved  by  taping  over  the  zipper  and 
weighting  the  bottom  flap.  The  other  door  was  weighted  at  the  bottom  only. 
Attempts  to  seal  the  tent  completely  were  only  partially  successful  as  it 
is  difficult  to  find  an  adhesive  wh'?ch  will  stick  to  PYC  temporarily  and 
yet  fonn  a  good  seal . 

Included  in  Table  3  is  the  time  required  for  the  tent  to  reach 
the  steady-state  mean  gauge  pressure  from  the  initial,  ambient  pressure. 
This  quantity  is  denoted  by  the  symbol  Tjj. 

the  variations  in  the  data  of  Section  B  in  Table  3  are  due  in 
part  to  the  difficulty  in  maintaining  a  good  seal  around  entrances'  to  the 
tent.,  However,  it  can  be  seen  that  even  though  the  seal  in  the  tent  was 
incomplete,  there  was  a  substantial  gain  in  the  flow  resistance  of  the  tent 
when  the  modification  for  Section  B  were  made.  The  mean  fiow  resistance  of 
the  "sealed"  tent  was  approximately  369  (Pa.s/m^)  compared  with  126 
(Pa.s/m3)  of  the  standard  tent.  It  is  expected  that  whenthe  tent  is  more 
effectively  sealed,  the  flow  resistance  will  reach  a  value  of  approximately 
416  (Pa.s/m3).  This  is  the  estimated  flow  resistance  for  the  tent  with  two 
doors,  closed  by  zippers  around  the  entire  door  peripher7,  and  only  one 
vent  through  which  air  is  supplied  to  the  tent. 

When  the  tent  experienced  the  larger  overpressures  of  Section  B, 
the  tent  inflated,  lifting  off  the  ground  near  the  wall  by  as  much  as 
thirty  centimeters.  At  that  point,  the  tent  was  held  erect  by  the 
overpressiure  alone.  This  action  may  cause  problems  which  may  possibly  be 
remedied  by  using  guy-ropes  as  noted  in  the  previous  section. 
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TABLE  3 

Results  of  Pressurization  Tests  on  the 
Trelleborg  Medical  Tent 


Air 

Flow- rate 

(m^/rj) 


Mean  Flow 

Pressure  Resistance 

(Pa)  {Pa.s/m3) 


T 


ss 


(min) 


SECTION  A 


0.2208  28.61 

0.2680  33.59 

0.2905  36.08 


129.51  12 

125.33  3.5 

124.20'  3.5 


0.2167  69.66 
0.2729  ,118.18 
0.2868  100.75 


321.46  4 

433.05  2.5 

351.33  2 


SECTION  B 


It  was  found  that  the  Black-Out  Section,  an  additional  section  of 
tentage  which  can  be  added  to  the  medical  tent,  would  not  hold  a 
significant  overpressure  in  its  current  form.  This  is  primarily  due  to  the 
closure  system  of  the  door.  A  more  effective  "air-lock"  could  be  made  from 
the  Black-Out  Section  if  a  more  secure  closure  system  were  to  be  used. 

If  two  main  sections  of  tentage  are  to  be  used  in  modular  form, 
several  recommendations  are  in  order: 

1)  To  maintain  sufficient  overpressure  and  to  minimize  purge  time,  each 
section  of  tentage  may  require  its  own  source  of  filtered  air. 

2)  To  minimize  the  intrusion  of  external  air  into  the  tent  at  their 
juncture,  the  tents  should  be  joined  at  the  connection  flap  around 
the  doo>"  rather  than  at  the  flap  around  the  end  wall.  This  would 
produce  a  connection  with  the  smallest  seam  area  through  which 
outside  air  may  enter. 

3)  The  region  around  the  junction  of  the  two  tents  must  be  pressurized 
to  prevent  intrusion  of  chemicals  into  the  tent.  This  may  be 
accomplished  by  ensuring  that  one  of  the  two  doors  at  the  junction  of 
the  tents  is  open. 

The  following  modifications  would  improve  the  pressurization 
performance  of  a  single  tent  section: 

1)  All  but  one  or  two  air  vents  and  all  chimney  holes  should  be 

‘Eliminated.  . 

2)  Power  cable  tunnel  vents  should  be  replaced  with  sealed  electrical 

.  junction  boxes  mounted  in  the  tent. wall. 

3)  If  the  rear  door  on  the  secure  section  of  the' tent  is  not  required, 
it  should  be  eliminated  or  at  least  be  prpvioea  with  improved  means 
for  further  sealing  against  air-lezkage. 

4)  All  doors  should  include  a  fastener  across  the  bottom  which  would 

seal  the  doors  a\.  the  floor. 

If  a  tent  is  modified  as  noted  above,  it  is  expected  that  it  will 
have  a  flow  resistance  of  approximately  416  (Pa.s/m^)  as  previously 

calculated.  Thus,  a  Herman-Nelson,  which  is  capable  of  delivering  air  at 
flow  rates  between  0.229  and  0.458  (m^/s)  would  provide  an  overpressure  of 
between  95  and  190  Pa  respectively.  The  Trelleborg  blower,  which  delivers 
0.611  (m^/s)  would  provide  an  overpressure  of  254  Pa.  These  estimates 
assume  that  the  resulting  overpressures  are  within  the  delivered  head 
caoabilities  of  the  fan. 


4.0  PURGING 


Purging  of  the  interior  of  airlock'  and  tents  may  be  required  to 
remove  hazardous  chemicals  which  have  contaminated  the  interior.  Purge 
time  for  air-locks,  and  entire  tents  depends  upon  several  parameters.  A 
brief  and  simplified  nathematical  analysis  of  the  purging  processing  is 
included  here. 

Initially  it  is  assumed  that  any  contaminant  which  enters  the 
air-lock  is  uniformly  distributed  throughout  the  entire  volume.  The 
governing  differential  equation  for  this  problem  is: 


^  X  V  =  -C  X  Q  [2] 

dt 


where*  C  is  the  concentration  of  the  contaminant  in  the  air-lock 
as  a  function  of  time, 
t  is  the  time  from  the  start  of  purging, 

V  is  the  volume  of  the  air-lock, 

Q  is  the  rate  at  which  filtered  air  is  being  supplied  to  ' 
the  air-lock. 

The  solution  for  purging  time  from  this  differential  equation  is; 


t  =  (V/Q)  X  ln(C^/C)  [3] 

where,  is  the  initial  concentration  of  the  contaminant  in  the  air-lock. 

Experimental  investigation  indicates  that  equation  3  should  be 
amended  to: 

t  -  (V/(Q.  X  k))  X  ln(C^/C)  [4] 

where  k  is  an  empirically  determined  constant  which  compensates  for  unequal 
mixing  of  the  fresh,  incoming  air  and  the  contaminated,  internal  air.  The 


n 


value  of  k  has  been  reported  to  be  within  the  range  0.35,  to  Q.39,  but  this 
value  may  be  dependent  upon  the  shelter  size  and  shape  (3). 

By  specifying  a  safe  concentration  level  “C“,  and  knowing  the  air 
flow-rate  Into  the  tent  and  the  tent  volume,  the  required  purge  time  can  be 
calculated  for  the  tent  for  any  Initial  concentration  using  equation  4. 


5.0  HEATING 


One  section  of  the  Trelleborg  Tent  was  Instrumented  with 
thermistors  and  heated  with  forced  air  electric  heaters  to  determine  Its 
heating  properties.  Analysis  of  the  data  (4)  Indicates  that  the  tent  has  a 
temperature  rise  per  Watt  of  heat  Input  of  0.0074  ±  0.001  C/W  over  the  wind 
speed  Interval  0.5  to  4.0  m/s.  The  value  of  the  temperature  rise  per  Watt 
was  found  to  decrease  approximately  linearly  with  Increasing  wind  speed 
from  0.0086  C/W  at  0.5  m/s  to  0.0057  C/W  at  4.0  m/s.  Heat  loss  through  the 
floor  varied  from  2  to  7%  of  the  total  heat  loss  from  the  tent.  This  heat 
loss  will  be  a  function  of  several  parameters  Including  ground  temperature, 
air  temperature  and  wind  speed.  It  Is  expected,  based  on  experiments  with 
other  tents  (4),  that  a  single  layer,  fabric  liner  would'  approximately 
double  the  relative  temperature  rise  per  Watt  of  heat' Input  to  the  tent. 


6.0  STRUCTURAL 


As  the  Tent  Research  Facility  at  OREO  Is  not  currently  equipped 
to  Investigate  the  structural  capabilities  of  tents,  no  direct  measurements 
of  loading  carrying  capacities  were  made.  Estimates  of  the  Incurred  wind 
loads  are  presented  which  are  based  upon  work  performed  for  the  Natick 
Laboratories  (5,6).  Estimates  of  the  load  carrying  capabilities  of  the 
arches  may  be  obtained  following  the  procedures  of  Steeves  (7).  Some 
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general  observations  of  the  structural  capabilities  of  the  tent  are  made 
and  calculations  pertaining  to  the  enhanced  load  carrying  capacity  of  a 
pressurized  tent  are  presented. 


6.1  WIND  LOADS 


During  one  particularly  violent  wind  storm  (gusts  of  90  km/hr 
were  experienced),  the  leading  edge  of  one  of  the  tents  lifted,  pulling  the 
pegs  from  the  ground.  The  tent  then  commenced  to  roll  away,  driven  by  the 
wind.  The  tent  sustained  only  minor  damage  to  the  oute;  shell  before  it 
came  to  rest.  It  may  therefore  be  necessary  to  increase  the  size  of  the 
skirt  around  the  edge  of  the  tent  and  to  weight  the  skirt  with  soil  or  snow 
to  prevent  lifting  of  the  tent  during  heavy  winds.  It  is  expected  that  the 
tent  will  be  stable  in  winds  up  to  approximately  100  km/hr  if  this 
procedure  is  followed.  It  is  recommended  that  the  tent  be  put  to  trial  in 
an  area  which  regularly  experiences  heavy,  winds  to  confirm  the  tent's 
capabilities. 

Estimates  of  the  wind  loads  on  the  tent  may  be  made  by  knowing 
the  wind  speed  and  several  other  physical  parameters.  The  general 
mathematical  relationship  is: 

F*CpAV2/2  [5] 


where,  F  is  the  load  or  force  on  the  tent, 

C  is  the  load  coefficient  (drag  or  lift), 
p  is  the  air  density, 

V  is  the  air  velocity, 

A  is  the  tent  floor  area. 

Studies  conducted  at  U.S.  Natick  Labs  (5,6)  indicate  that  the 
maximum  drag  coefficient  for  structures  similar  to  the  Trelleborg  tent  is 
between  0.2  and  0.33.  Maximum  lift  coefficients,  were  found  to  be  0.43  (5) 
and  0.55  (6). 

Anchor  and  guy-line  load  coefficients,  iray  be  used  with  equation 
[5]  to  determine  the  aerodynamic  load  placed  on  the  anchor  or  guy-line. 
Note  that  if  the  tent  is  subjected  to  an  overpressure,  the  load  placed  on 
the  anchors  and  guy-lines  must  be  calculated  from  the  vector  sum  of  the 
aerociynamic  loads  and  the  internal  pressure  loads. 

If  the  tent  is  to  be  used  without  guy-lines,  Dietz  (6)  recommends 
using  a  maximum  anchor  load  coefficient  Cg-.  of  2.05.  This  means  that  the 
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maximum  load  carried  by  each  anchor  will  be: 


where  N  is  the  number  of  anchors  used  around  the  periphery  of  the  tent. 

If  guy-lines  are  attached  along  the  side  of  the  tent,  midway  up 
the  height  of  the  tent  and  making  a  45  degree  angle  with  the  ground,  the 
load  coefficient  for  the  mean  anchor  load  is  Cjj-j  =  0.75  and  the  mean  guy¬ 
line  load  coefficient  is  Cgi  =  0.425  (6).  Measurements  on  wind  tunnel 

models  indicate  that  maximum  loads  experienced  by  anchors  and  guy-lines 
were  twice  and  four  times  as  large  as  the  respective  mean  loads. 

The  mean  vertical  loads,  carried  by  the  guy  anchors  may  be 
calculated  by: 


=  CgTf^V2sin(6)/2M 


[7] 


where  M  is  the  number  of  guy-lines  and  0  is  the  angle  between  the  ground 
and  the  guy-line.  By  specifying  a  "design-maximum"  wind  speed,  V,  the  size 
and  number  of  guy  anchors  can  be  determined  from  Equation  7  and  the  holding 
characteristics  of  the  anchor  design.  For  example,  the  current  design  has 
four  guy-lines,  M=4,  and  for  a  wind  speed  of  20  m/s,  each  anchor  would 
experience  a  load  of  approximately  7.36  N. 


6.2  STATIC  LOADS 


During  tests  at  the  DREO  Tent  Research  Facility,  a  build-up  of 
approximately  ten  centimeters  of  wet  snow  on  the  roof  of  the  Trelleborg 
tent  caused  the  tent  to  collapse.  The  tent  was  unattended  and  unheated 
which,  under  normal  operations,  would  likely  not  be  the  case.  Some  measure 
of  preventive  maintenance  is  required  under  adverse  conditions  to  ensure 
that  the  tent  does  not  become  over-burdened.  When  the  snow  was  removed 
from  the  collapsed  tent,  the  tent  immediately  rose  back  to  its  normal  shape 
with  no  apparent  damage.  Heating  of  the  tent  and  periodic  removal  of  snow 
from  the  tent  rpof  should  be  sufficient  to  ensure  that  the  tent  will  not 
collapse  under  similar  weather  conditions. 

If  the  tent  is  pressurized,  its  static  lobd  carrying  capabilities 
will  be  Increased.  However,  if  the  tent  is  pressurized  and  not  constrained 
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verticaly,  the  tent  will  experience  a  larger  lateral  wind  load.  The 
increase  in  the  static  load  carrying  capabilities  of  a  pressurized  tent  can 
be  considerable.  As  an  example.  Figure  2  shows  a  hypothetical  build-up  of 
snow  on  the  roof  of, a  pressurized  tent.  The  calculations  indicate  that  for 
every  ten  Pascals  of  overpressure  in  the  tent,  one  additional  centimeter  of 
"standard  snow"  may  accumulate  on  the  tent  without  adding  an  additional 
load  to  the  ribs. 


7.0  SUMMARY  ANO  CONCLUSIONS 


The  Troll eborg  tent,  although  not  without  some  problems,  appears 
to  be  a  very  good  shelter.  The  tent  is  easily  and  quickly  erected,  even  by 
novice  users;  it  is  easily  cleaned;  it  is  durable;  if  suitably  anchored,  it 
is  toleraht  of  moderately  high  winds.  The  tent  has  a  flow  resistance  of 
128  Pa.s/m3  when  an  overpressure  is  applied  and  it  is  predicted  that  a 
modified  version  of  the  tent  which  eliminates  many  of  the  unnecessary  vents 
will  have  a  flow  resistance  of  416  Pa.s/m^, 

Becai'se  of  its  weight  and  size,  the  tent  should  be  transported  by 
vehicle.  It  is  possible  but  awkward,  for  the  tent  to  be  moved  by  four  men 
in  its  packed  state  for  several  meters.  The  tent  may  be  readily  moved  when 
erected  to  facilitate  modular  expansion. 

The  mean  internal  temperature  rise  above  ambient  per  Watt  of  heat 
input  for  the  tent  is  approximately  0.0074  C/W.  This  value  was  observed  to 
vary  linearly  from  0.0086  C/W  at  a  wind  speed  of  0.5  m/s  to  0.0057  C/W  at 
4.0  m/s.  Heat  loss  to  the  floor  was  found  to  represent  only  2  to  1%  of  the 
total  heat  loss  of  the  tent.  It  is  expected  that  a  liner  consisting  of  a 
single  layer  of  cloth  would  approximately  double  the  mean  internal 
temperature  rise,  per  Watt  of  heat  input  from  the  tent. 

The  tent  requires  minimal  maintenance  under  adverse  weather 
conditions  to  ensure  that  snow  accumulation  or  wind  loads  do  not  become 
excessive.  It  is  expected  that  superior  static  load  carrying  capabilities 
would  be  achieved  by  using  additional  guying  and  by  applying  overpressures 
to  the  tent. 
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Hgure  2:  Analysis  of  the  Increased  Load^Carrying  Capacity  Due 
to  Pressurization  of  the  Trelleborg  Medical  Tent. 


16 


8.0  REFERENCES 


1.  Trelleborg  AB,  Protective  Products  Division,  Box  501,  S-231  01 

Trelleborg,  Sweden. 

2.  Baumeister,  T.,  ed.;  Marks*  Standard  Handbook  for  Mechanical 

Engineers,  ,8th  Ed.;  McGraw-Hill  Book  Co.,  Toronto,  1978. 

3.  Sturk,  J.O.,  private  communications. 

A.  Cain,  B.,  An  Initial  Investigation  of  the  Heating  Properties  of 

Conical  Tents,  OREO  Technical  Note  No.  83-32. 

5.  Bolt,  Beranek  and  Newman,  Inc.,  Measurement  of  Wind  Loads  on  Large- 
Scale  Air-Supported  Shelters.  Natirk  Technical  Report  75-101-AMEL, 
United  States  Army,  Natick  Development  Center,  Natick,  Mass.,  1975. 

6.  Dietz,  A.E.  et  al.  Design  Manual  for  Ground-Mounted  Air-Supported 

Structures  (Single  and  Double-Wall)  (revised).  Natick  Technical 
Report  69-59-GP,  United  States  Army,  Natick  Laboratories,  Natick, 
Mass.,  1969. 

7.  Steeves,  E.C.,  Structural  Behavior  of  Pressure-Stabilized  Arches, 

Natick  Technical  Report  TR-78/018,  United  States  Army,  Natick  Research 
and  Oevdlopment  Command,  Natick,  Mass.,  1978. 


17 


UNCLASSIFIED 


Security  Claiiiftcation 


DOCUMENT  CONTROL  DATA  -  R  &  D 

Secuniv  ciass<ticdT>on  ot  title.  Oody  ot  abstract  at'd  indexing  annotation  must  ()«  entered  i/vrieit  the  os<eratf  document  cidss(t>ed) 


1  ORIGINATING  ACTlVlTv 

Defence  Research  Establishment  Ottawa 
Department  of  National  Defence 


|PMTO7P^WiniiriM5PMiKUBfiKWx4it»ilS(Ei 


2a.  DOeUWeNT  SEQUPIIV 

UNCLASS IF 


2b.  GROUP 


3  DOCUMENT  TITLE 

AN  EVALUATION  OF  THE  TRELLEBORG  INFLATABLE  MEDICAL  TENT 


DESCRIPTIVE  NOTES  (Tvoe  oi  reoort  and  mc^usiva  dates) 

TF' 


5.  author  IS)  I  Last  nanne.  first  name,  middle  initial) 


CAIN,  Brad 


6  19S4 


£a.  PROJECT  OR  GRANT  NO 

9».  ORIGINATOR'S  DOCUMENT  NUMBERISI 

DREO  TECHNICAL  NOTE  NO.  84-20 

3b.  CONTRACT  NO 

9b.  OTHER  DOCUMENT  NO.(S)'  (Any  other  numbeis  tnat  may  be 

, 

auignad  thu  document) 

10  OISTPiauTION  statement 

UNLIMITED  DISTRIBUTION 


11  Supplementary  notes 

12.  SPONSORING  ACTIV.ITV 

OCGEM 

13.  ABSTRACT 


'  The  Trelleborg  Medical  Tent,  an  inflatable  tent  of  interest  to  the 
Canadian  Forces,  has  been  investigated  to  assess  its  potential  in  providing 
both  a  medical  shelter  and  a  collective  protection  shelter.  Pressurization 
measur^ements  are  reported  and  a  general  purging  analysis  is  included.  Thermal 
and  structural  propertiec  are  reviewed.  Dynamic  (wind)  loads  and  static 
(snow)  loads  have  also  been  analysed,  •.  -  I.-/. 


security  Ciasstfication 


KEY  WORDS 


INFLATABLE 


TENT 


MEDICAL 


HEATING 


LOADING 


PRESSURIZATION 


PURGING 


INSTRUCTIONS 

1.  ORIGINATING  ACTIVITY  Enter  the  neme  end  eodren  ct  the  9b.  OTHER  DOCUMENT  NUM8£R(S);  It  the  document  he*  been 

or^enttaoon  issuing  the  document.  esttgned  any  other  document  numberf  ieither  by  the  originator 

or  by  the  soonaorl,  aiio  enter  thii  numberls). 

2a.  DOCUMENT  SECURITY  CLASSIFICATION;  Enter  the  overall 

tecunty  Classification  of  the  document  including  soecial  warning  10.  OtSTRiBUTtON  STATEMENT.  Enter  any  limitations  on 

terms  whenev^  aophcable.  -further  dissemination  of  the  document,  other  than  those  imposed 

by  security  classification,  uur^g  standard  statements  such  as 

2b.  GROUP  Enter  security  reclassification  grouc  number.  The  three 

groups  are  def'oed  in  Apoendm  M'of  theORB  Security  Regulations.  <1)  "Qualified  requesters  may  obtain  copies  of  this 

document  from  their  defence  documentation  center  " 

3.  DOCUMENT  TITLE  Enter  the  complete  document  title  m  a(i 

caoiiai  letters.  Titles  in  all  cases  should  be  unclassified,  if  a  (2)  "Announcement  arxl  dissemination  of  this  document 

sufficiently  descriptive  title  cannot  be  selected  without  ciasiifi-  is  not  authorised  without  prior  approval  from 

canon,  show  title  classification  with  the  usual  one-capttal'ittter  originating  activity." 

abbreviation  m  parentheses  immediately  following  the  title. 

11.  SUPPLEMENTARY  NOTES  Use  for  additional  exolanatory 

4.  DESCRIPTIVE  NOTES.  Enter  the  category  of  document,  e.g.  notes, 

technical  report,  technical  note  or  technical  letter.  If  appropri¬ 
ate.  enter  tnt  type  of  document,  e.g.  interim,  progress.  12.  SPONSORING  ACTIVITY  Enter  the  neme  of  the  departmental 

summary,  annual  or  final.  Give  the  inclusive  dates  when  a  proiect  office  or  laboratory  sponsoring  the  research  and 

specific  reporting  period  is  covered  development.  Include  address. 

5.  AUTHOR(S):  Enter  the  namefs)  of  authorls)  as  shown-on•o^ - 13.  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 

in  the  document.  Enter  last  name,  first  name'  middia  initial.  summery  of  the  document,  even  though  it  may  also  appaar 

If  miiirary.  show  rank.  The  name  of  the  prmc'ipei  author  is  an  efsewhert  m  the  body  of  the  document  itself,  it  is  highly 

absolute  minimum  requirement.  desirable  that  the  abstract  of  c'assified  documents  be  unclassi¬ 

fied.  Each  oeragraoh  of  the  abstract  shall  end  with  an 

€.  DOCUMENT  DATE:  Enter  the  date  (month,  yearl  of  indication  o*  the  security  ciasiification  of  the  information 

Establishment  aoproval  for  publication  of  the  document.  m  the  oeragraoh  luniesi  the  document  itself  is  ur.classifiedf 

represented  as  (TS>.  IS)..  (C).  (R).  or  lUI 

7a.  total  Number  of  pages.  TH#  total  oege  count  should 

follow  normal  pagination  procedures,  i.t..  enter  the  number  The  length  of  the  abstract  should  be  Lmited  to  20  single-soaced 

of  pages  containing  information.  standard  typewrittan  imas.  7'i  mcnes  long. 

14.  KEY  WORDS.  Kay  words  art  Technically  meaningful  terms  or 
short  phraiei  that  characterise  a  document  and  could  be  helpful 
in  cataloging  the  document.  Key  words  should  be  selected  so 
that  no  secu>‘iiy  classification  is  required.  Identifiers,  such  as 
equipment  model  designation,  trade  name,  military  protect  code 
nemo,  geographic  location,  may  tM»  used  as  key  words  but  will 
be  followed  by  an  indication  of  technical  context, 


9a.  ORIGINATOR'S  d6cumENT  NUMBERlSl  Enter  (he 
official  document  number  by  wh'ch  (he  document  wifl  be 
identified  and  controlled  by  th»  origrnating  activity.  Thu 
number  must  be  unique  to  this  document. 


7b.  NUMBER  OF  REFERENCES:  Enter  the  tom  number  of 
references  cited  m  the  document. 

3a.  PROJECT  OR  GRANT  NUMBER  If  appropriate,  e.  .er  the 
applicable  research  and  development  project  or  grant  number 
under  which  the  docunrvent  was, written. 

db.  CONTRACT  NUMBER  If  aporopnatt,  enter  the  applicable 
number  under  which  the  document  was  written. 


